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METHOD OF MEASURING THERMAL 
RESISTANCE OF RESIN AND A MEASURING 

APPARATUS USING THE METHOD 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates to a method of mea 
suring a thermal resistance of resin materials. 

[0002] Industrial products using grease and resin at an 
interface betWeen structural members are used over a Wide 
range of industrial ?elds, for example, in the case in Which 
a semiconductor device and a radiating plate are joined 
through a thermal-conductive resin, the case in Which resin 
is molded or applied betWeen members and then baked, the 
case in Which gel resin is used in a state sandWiched betWeen 
members, and the case in Which a semiconductor device and 
a radiating plate are joined With an electrically conductive 
adhesive. 

[0003] In such a product ?eld in Which heat flows through 
the resin, a value obtained by dividing, With an amount of 
passing heat, a temperature difference produced When the 
heat passes through the resin, that is, thermal resistance is 
extremely important for designing the products. 

[0004] The thermal resistance of the resin comprises as its 
components the thermal resistance caused by conduction of 
heat passing through the resin itself and an interface ther 
mal-resistance produced at interfaces betWeen the resin and 
the members sandWiching the resin therebetWeen from both 
sides. 

[0005] The thermal resistance caused by conduction of 
heat passing through the resin itself can be determined by the 
folloWing equation if the How of heat is one-dimensional. 

Rcond=L/(AXA) (1) 

[0006] Where Rcond is the thermal resistance caused by 
conduction of heat, L is a length along Which the heat passes, 
A is a cross-sectional area in Which the heat passes, and )t is 
a thermal conductivity of the resin. 

[0007] That is, if heat ?oWs one-dimensionally, the ther 
mal resistance Rcond caused by the conduction of heat 
through resin is proportional to the inverse of the thermal 
conductivity 9» of the resin. 

[0008] As a technique for individually determining the 
thermal conductivity 9» of resin, for example, the simplest 
method is one usually called a stationary method, in Which 
a test specimen having a constant sectional area A and a 
sufficiently long length L is made, a constant amount of heat 
Q is caused to flow through the test specimen, and tempera 
ture distribution of the test specimen in the direction of 
flowing heat is measured at a constant spacing, as shoWn in 
FIG. 2. This method itself is based on a very basic matter of 
heat, and a knoWn method. 

[0009] Assuming that there is a material having a thermal 
conductivity 9» and a sectional area A, Which each are 
constant, and that a constant amount of heat Q one-dimen 
sionally passes through the material, and further assuming 
that the spacing betWeen positions at Which temperature is 
measured is AL and a temperature difference measured is 
AT, the folloWing equation is established. 
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[0010] From the equation (2), the thermal conductivity 9» 
can be determined by the folloWing equation. 

[0011] That is, if an amount of passing heat Q, a sectional 
area A in Which heat passes, and a spacing AL betWeen 
positions at Which temperature is measured are knoWn, the 
thermal conductivity 9» can be experimentally determined by 
measuring the temperature difference AT. 

[0012] It is also possible to measure the thermal resistance 
Rint of an interface by using the above described stationary 
method. 

[0013] As shoWn in FIG. 3, tWo kinds of members each 
having knoWn thermal conductivities are prepared, and a 
constant load is applied thereon, and heat is caused to flow 
through them. At that time, a temperature difference AT in 
the proximity of the interface betWeen the members is 
determined from changes in the temperature in each of the 
members, and the resultant temperature difference divided 
With the amount of passing heat Q corresponds to the 
thermal resistance Rint of the interface. Further, With respect 
to FIG. 2 and FIG. 3, temperature is measured at tWo 
positions in each one member. HoWever, in order to improve 
reliability of the measurement, there are some methods such 
as making the distance AL betWeen the measurement points 
long, and increasing the number of the temperature mea 
surement points. 

[0014] In the case of a material having a small distance L 
passed through by heat, that is, in the case of a thin material, 
as a method of measuring thermal conductivity in the 
direction in Which heat passes through the material, that is, 
in the direction of the thickness of the material, an alternat 
ing-current heating method and a method using laser are 
used, for example. Both methods are ones to determine the 
thermal conductivity by measuring the thermal diffusivity of 
the thin material and using a thermal capacity and density 
measured by using other methods. 

[0015] As a document disclosing the method of measuring 
thermal diffusivity using the alternating-current heating 
method, JP-A-10-221279 is indicated, for example. Further, 
as a document disclosing the method of using laser, JP-A 
2001-83113 is indicated. 

[0016] On the other hand, as documents disclosing a 
method of measuring the thermal conductivity of resin in a 
state Where a load is being applied to the resin, JP-A-8 
136483, JP-A-2001-21512 and the like are cited. 

[0017] The above described stationary method is charac 
teriZed in that as AL is made larger, the reliability of 
measurement increases. Therefore, in case of measuring the 
thermal conductivity of materials of Which distance Lpassed 
through by heat is very small relative to the sectional area A 
in Which heat passes, that is, thin materials such as grease 
used for joining a heat generating member and a heat 
diffusing member and a molding resin used in a semicon 
ductor device, it is impossible to ensure a sufficient length of 
AL. For this reason, the stationary method has a problem that 
it is difficult to be applied to thin materials except for the 
case in Which the thermal conductivity does not change even 
if the spacing AL betWeen the temperature measurement 
positions is sufficiently increased by varying the thickness of 
a sample, that is, except for the case in Which the thermal 
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conductivity does not depend on the thickness of the sample. 
The thermal conductivity of resin is often dependent on the 
process of solidifying the resin and its thickness. In fact, it 
is needed to measure the thermal conductivity of the resin in 
its thin state. 

[0018] Although the methods of measuring thermal diffu 
sivity disclosed in the above described JP-A-10-221279 and 
J P-A-2001-83113 are characteriZed in that they can measure 
the thermal diffusivity of very thin materials, the methods 
are ones for measuring a temperature response When a 
non-stationary or transient signal of heat is provided for the 
materials, and require the additional measurement of spe 
ci?c heat and density. 

[0019] In the method of measuring the thermal conduc 
tivity of resin disclosed in the above described JP-A-8 
136483, there is a problem that shape of a test specimen, 
resin, is limited in dependent of the apparatus. That is, 
because a probe as a heat source is inserted in the resin, 
measurement is made on information including the thermal 
resistance of the interface betWeen the probe and the resin. 
When this method is used in such a structure that the resin 
is sandWiched betWeen other members from both sides in the 
direction of its thickness, it cannot measure the thermal 
resistance of the resin including the thermal resistance of its 
interface, eXcept that the thermal resistance of the interface 
betWeen the member and the resin is alWays equal to that of 
the interface betWeen the probe and the resin. 

[0020] Also in the method disclosed in the above 
described JP-A-2001-21512, it is dif?cult to measure the 
thermal resistance of resin including the thermal resistance 
of the interfaces betWeen the resin and members sandWich 
ing the resin therebetWeen. 

[0021] On the other hand, in products using resin, there is 
a problem that the thermal resistance of the resin is strongly 
affected by manufacturing processes, information of mate 
rial properties and surfaces of the members sandWiching the 
resin therebetWeen, and environments in Which the resin is 
actually used. 

[0022] For example, considering the case in Which resin 
sandWiched betWeen tWo sheets of members is baked and 
solidi?ed, in general, the resin solidi?es While various kinds 
of gas are being generated from the parent materials of the 
resin in the process of baking. What gas is generated 
depends on the material properties of the parent material of 
the resin and the baking process. Therefore, in order to 
measure thermal conductivity, When the parent material of 
the resin is baked With nothing present around it and a 
sample to be measured for thermal conductivity is cut out 
from the baked resin, gas is purged from the sample in each 
direction thereof, as shoWn in FIG. 4. 

[0023] In contrast to this, in actual products using resin, 
since the parent material of resin is baked in the form in 
Which the resin is sandWiched betWeen other members, the 
direction in Which gas is purged is limited to the direction in 
Which the members sandWiching the resin therebetWeen are 
not present, as shoWn in FIG. 5. For this reason, the manner 
in Which gas is purged in this case is different from the 
manner When there is nothing around the resin as described 
above, and therefore the composition and internal structure 
of the resin after baked are different from those of the above 
described sample. Thus, even if the thermal conductivity of 
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the sample is accurately measured, it often does not conform 
to the thermal conductivity of the resin actually used in 
products. 

[0024] Further, according to the temperature When prod 
ucts using resin are used and the temperature When the 
products are not used, the products may be used in the state 
in Which the resin itself is melt, and there are cases in Which 
the resin is re-solidi?ed after melting and the resin repeats 
melting and solidifying. Thus, it is feared that due to such 
melting and solidi?cation of the resin after it is mounted in 
products, the thermal conductivity of the resin and the 
thermal resistance of the interface may vary With time. In the 
above described case, When the variation With time of 
thermal resistance is not knoWn in advance, even if only the 
thermal conductivity of a sample cut out from the resin 
Without considering its mounting condition as shoWn in 
FIG. 4 is knoWn, it often does not conform to the thermal 
conductivity of the resin actually used in the products, and 
the thermal resistance of the interface is not grasped, either. 

[0025] In such a situation, When products have a structure 
in Which heat escapes through resin, it is impossible to 
accurately predict a temperature rise of the products. HoW 
ever, in connection With such samples and actual products, 
conventionally, importance has not been attached to prob 
lems that a manufacturing process has an in?uence on the 
thermal resistance of the resin and that it is necessary to 
determine the inclusive thermal-resistance of resin including 
the thermal resistance of its interface. Further, in referring to 
data of the material properties of resin, and in legal persons 
and organiZations or individuals, such as companies, manu 
facturing, selling, or distributing resin, there have been in 
general not found such databases arranged. 

[0026] Therefore, in a product actually using resin, at the 
time of selecting one resin most suitable for the product 
concerned from among a plurality of choices of resin, users 
have to produce the product or a prototype close to the 
product and to actually measure a temperature rise of the 
products in Which the above described choices of resin are 
used. Therefore, there has been a problem that a high 
prototyping cost and a long period are required to reach a 
selected resin. 

[0027] The invention has an object to provide a method of 
measuring the thermal resistance of resin, alloWing the 
thermal resistance of the resin to be measured in a state 
closest to the state in Which the resin is incorporated in an 
actual product. 

SUMMARY OF THE INVENTION 

[0028] A method of measuring thermal resistance of resin 
according to the invention comprises sandWiching resin 
betWeen a ?rst member and a second member, and measur 
ing, as thermal resistance of the resin, sum of thermal 
resistance of an interface betWeen the resin and the ?rst 
member, thermal resistance of an interface betWeen the resin 
and the second member, and thermal resistance caused by 
conduction of heat through the resin. 

[0029] A method of measuring thermal resistance of resin 
according to the invention comprises sandWiching resin 
betWeen a ?rst member and a second member, applying load 
from outside of a laminated structure consisting of the ?rst 
member, the resin, and the second member to junction 
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interfaces in the laminated structure through a third member 
and a fourth member, causing heat to How in an order of the 
third member, the ?rst member, the resin, the second mem 
ber and the fourth member, or the fourth member, the second 
member, the resin, the ?rst member and the third member 
through them, measuring sum of various thermal resistances 
of thermal resistance of an interface betWeen the third 
member and the ?rst member, thermal resistance caused by 
conduction of heat through the ?rst member, thermal resis 
tance of an interface betWeen the ?rst member and the resin, 
thermal resistance caused by conduction of heat through the 
resin, thermal resistance of an interface betWeen the resin 
and the second member, thermal resistance caused by con 
duction of heat through the second member and thermal 
resistance of an interface betWeen the second member and 
the fourth member, and subtracting sum of thermal resis 
tance of the interface betWeen the third member and the ?rst 
member, thermal resistance caused by conduction of heat 
through the ?rst member, thermal resistance caused by 
conduction of heat through the second member and thermal 
resistance of the interface betWeen the second member and 
the fourth member, the thermal resistances of Which have 
been determined in advance, from the sum of the measured 
thermal resistances, Whereby the sum of the thermal resis 
tance of the interface betWeen the ?rst member and the resin, 
the thermal resistance caused by conduction of heat through 
the resin, and the thermal resistance of the interface betWeen 
the resin and the second member is determined as the 
thermal resistance of the resin layer including its interface 
information. 

[0030] The method further comprises measuring an initial 
value and time variation of the thermal resistance of the 
resin. 

[0031] The method further comprises arranging as a data 
base results obtained by measuring factors giving an in?u 
ence on the thermal resistance of the resin, such as tempera 
ture, magnitude of load and humidity, and variation With 
time of the thermal resistance of the resin varying depending 
on arbitrary combinations of these factors, and applying the 
database to the design of thermal structure of a device on 
Which the resin is mounted. 

[0032] Also, the method further comprises measuring 
variation of the thermal resistance of the resin With time 
When factors giving in?uence on the thermal resistance of 
the resin is kept constant over a predetermined period. 

[0033] Also, the method further comprises measuring 
variation of the thermal resistance of the resin With time 
When the factors giving in?uence on the thermal resistance 
of the resin are varied according to a given condition over a 
predetermined period. 

[0034] Also, the method further comprises sandWiching 
the resin betWeen members produced by specifying a mate 
rial, a dimension, ?nishing method and ?nishing accuracy of 
surface roughness and surface Waviness in a given condi 
tion, and measuring and managing, as the thermal resistance 
of the resin, sum of the thermal resistances of the interfaces 
betWeen the members and the resin and the thermal resis 
tance caused by conduction of heat through the resin. 

[0035] Also, the method further comprises documenting 
the thermal resistance of the resin to store or lay to the 
public. 
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[0036] Also, the method further comprises using the ther 
mal resistance of the resin measured using the method of 
measuring the thermal resistance of the resin as part of 
information of a product in manufacturing, selling, and 
distributing the resin as a product. 

[0037] Also, the method further comprises using the docu 
ment of the thermal resistance of resin as part of the 
reference for selecting the resin to be applied. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0038] FIG. 1 is a diagram for shoWing a method of 
measuring thermal resistance of resin according to the 
present invention; 

[0039] FIG. 2 is a diagram for shoWing a method of 
measuring thermal conductivity of a member according to a 
conventional stationary method; 

[0040] FIG. 3 is a diagram for shoWing a method of 
measuring contact thermal-resistance according to the con 
ventional stationary method; 

[0041] FIG. 4 is a diagram for illustrating a manner in 
Which gas is purged from resin When nothing is present 
around the resin; 

[0042] FIG. 5 is a diagram for illustrating a manner in 
Which gas is purged from resin When resin is sandWiched 
betWeen a plurality of members; 

[0043] FIG. 6 is a diagram for shoWing a method of 
measuring thermal resistance of the members sandWiching 
resin therebetWeen according to the present invention; 

[0044] FIG. 7 is a diagram for shoWing a con?guration of 
an apparatus for measuring thermal resistance of resin 
including information of its interface When a load applied on 
the resin is controlled; 

[0045] FIG. 8 is a diagram for shoWing a con?guration of 
an apparatus for measuring thermal resistance of resin 
including information of its interface When a thickness of the 
resin is controlled; 

[0046] FIG. 9 is a diagram for shoWing an eXample of a 
con?guration of a spacer When a thickness of the spacer is 
controlled; 

[0047] FIG. 10 is a diagram for shoWing a con?guration 
of a measuring apparatus When an auxiliary temperature 
controlling function is incorporated; 

[0048] FIG. 11 is a graph for shoWing a thickness depen 
dence of the thermal resistance of resin; 

[0049] FIG. 12 is a graph for shoWing the thickness 
dependence of the thermal resistance of resin; 

[0050] FIG. 13 is a graph for shoWing the thickness 
dependence of the thermal resistance of resin; 

[0051] FIG. 14 is a graph for shoWing the thickness 
dependence of the thermal resistance of resin; 

[0052] FIG. 15 is a graph for shoWing a load dependence 
of the thermal resistance of resin; 

[0053] FIG. 16 is a graph for shoWing the load depen 
dence of the thermal resistance of resin; 
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[0054] FIG. 17 is a graph for showing the load depen 
dence of the thermal resistance of resin; 

[0055] FIG. 18 is a graph for shoWing the load depen 
dence of the thermal resistance of resin; 

[0056] FIG. 19 is a graph for shoWing a variation With 
time of the thermal resistance of resin; and 

[0057] FIG. 20 is a diagram for shoWing a periodic 
modulation of an atmosphere temperature applied to resin. 

DESCRIPTION OF THE INVENTION 

[0058] One embodiment of a measuring method according 
to the present invention Will be described With reference to 
FIGS. 1 and 6. 

[0059] FIG. 1 is a diagram for shoWing a con?guration for 
measuring thermal resistance of resin, in Which sum of the 
thermal resistance of an interface betWeen the resin and a 
member and thermal resistance caused by conduction of heat 
through the resin is measured as thermal resistance of the 
Whole resin by using a stationary method. 

[0060] FIG. 6 is a diagram for shoWing a con?guration for 
measuring a thermal resistance of the members sandWiching 
the resin therebetWeen. 

[0061] Referring to FIG. 1, resin 1 of Which thermal 
resistance is to be measured is set in a measuring apparatus 
as a test specimen of a laminated con?guration in Which the 
resin 1 is sandWiched betWeen a ?rst member 2 and a second 
member 3 in the up-and-doWn direction of the draWing, 
Wherein the members 2 and 3 are manufactured by speci 
fying the material, thickness, surface-?nishing method or the 
like. The test specimen of a laminated con?guration is, if 
necessary, solidi?ed in a manufacturing process speci?ed in 
advance, such as a baking process, or remains in a not 
solidi?ed state. 

[0062] By the Way, it is desirable to make the ?rst member 
2 and the second member 3 each being almost identical in a 
top and a bottom surface from the vieWpoint of surface 
Waviness, surface roughness and surface-?nishing method 
of their surfaces so that it is possible to obtain the same result 
Whichever surface is placed to con?gure an interface With 
the resin. 

[0063] The test specimen of the laminated con?guration is 
further sandWiched betWeen a third member 4 and a fourth 
member 5 in the up-and-doWn direction of FIG. 1, Which 
members 4 and 5 have a function applying a load to the test 
specimen or a function keeping the thickness of the test 
specimen constant and a function measuring the distribu 
tions of temperature in the members. A temperature-mea 
suring apparatus for measuring the temperature of the mem 
bers is placed at tWo positions in each of the third member 
4 and the fourth member 5, at the positions of X1, X2, X7 
and X8 in the draWing. 

[0064] As the temperature-measuring apparatus, a contact 
type of temperature sensor such as a thermocouple is con 
venient, but any apparatus can be used provided that it can 
measure the temperature of the third member 4 and the 
fourth member 5 in arbitrary positions. 

[0065] The number of the temperature measurement posi 
tions may be equal to or more than three for each of the third 
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and the fourth members 4 and 5, and there is nothing Wrong 
With continuously measuring the temperature. 

[0066] Also, it is preferable that the third member 4 and 
the fourth member 5 coincide With each other to the eXtent 
that the materials, sectional areas, and ?nishing methods 
each are considered to be identical. Although the members 
4 and 5 are preferably the same in hardness, surface Wavi 
ness, surface roughness or the like, even if they are not 
necessarily identical, it is possible to perform measurement 
itself. It is not objectionable that the temperature measure 
ment positions and the lengths of the members dot not 
necessarily coincide With each other. If the materials of the 
members are different, the measurement is possible. HoW 
ever, it is important that the thermal conductivity )M has been 
measured in advance and is of a knoWn value. 

[0067] Although not shoWn in FIG. 1, the third member 4, 
fourth member 5, and laminated test specimen 6 are desir 
ably covered all around them With a thermally insulating 
member in order to reduce leakage of heat caused by heat 
radiation from their surfaces, that is, radiation heat exchange 
betWeen the ambient air and the specimen 6 or members as 
little as possible. Alternatively, environmental temperature 
may be controlled such that the average temperature of the 
laminated test specimen 6 may become approximately equal 
to the temperatures of the ambient air and structure such as 
an outer Wall of the apparatus. 

[0068] The ranges of X3 to X4, X4 to X5, X5 to X6 shoWn 
in FIG. 1 are the ?rst member 2 for sandWiching the resin, 
the resin 1, the second member 3 for sandWiching the resin, 
respectively. In FIG. 1, a load F is applied and heat Q is 
caused to How from the third member 4 toWard the ?rst 
member 2, the resin 1, the second member 3 and the fourth 
member 5. 

[0069] At this time, assuming that an interface at the 
position X3 betWeen the third member 4 and the ?rst 
member 2 is an interface 1, an interface at the position X4 
betWeen the ?rst member 2 and the resin 1 is an interface 2, 
an interface at the position X5 betWeen the resin 1 and the 
second member 3 is an interface 3, and an interface at the 
position X6 betWeen the second member 3 and the fourth 
member 5 is an interface 4, an average pressure Pav at the 
interfaces 1 to 4 and heat ?uX q through each material of a 
sectional area A are given the folloWing equations. 

Pav=F/A[Pa] (4) 
q=Q/A[W/m2] (5) 

[0070] First, an amount of passing heat Q can be 
determined based on this measurement. Assuming that the 
thermal conductivities of the third member 4 and the fourth 
member 5 are )»4 and )»5[W/(m~K)], respectively, the fol 
loWing relations are obtained. 

[0071] When the thermal insulation of the measuring 
apparatus is not enough, heat leaks to their surroundings 
While heat is ?oWing from the third member 4 to the fourth 
member 5. As a result, although there is a case that calcu 
lated amounts of heat Q passing through the third member 
4 and the fourth member 5 do not coincide With each other, 
it is desirable to ensure a method of thermally insulating the 
system such that this difference may be smaller than mini 
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mum scale value from the viewpoint of measurement. For 
example, the methods are considered in Which the measur 
ing apparatus is placed in a constant temperature furnace to 
control the atmosphere temperature such that the approxi 
mate average temperature from the third member 4 to the 
fourth member 5 may be approximately equal to the tem 
perature of the ambient environment, and in Which the 
measuring apparatus is covered With materials of extremely 
loW thermal-conductivity. 

[0072] On the other hand, the temperature T3[K] of the 
third member 4 on the interface 1 and the temperature T6[K] 
of the fourth member 5 on the interface 4 can be determined 
from the amount of passing heat Q and the thermal conduc 
tivities k4 and 25. That is, 

[0073] The thermal resistance including interface infor 
mation Rtot can be determined from the amount of 
heat Q obtained from the equation (6) or (7) and the 
difference AT=T3—T6 betWeen the temperature T3 of the 
third member 4 on the interface 1 and the temperature T6 of 
the fourth member 5 on the interface 4. 

Rtot=AT/Q (10) 

[0074] This Rtot includes the thermal resistance of the 
interfaces Rint1 to Rint4 from the interface 1 to the interface 
4, and the thermal resistances Rcond1, Rcond2, and Rcond3 
caused by conduction of heat through the resin 1, the ?rst 
member 2, and the second member 3, respectively. That is, 

Rtot=Rint1+Rcond2+Rint2+Rcond1+Rint3+Rcond3+ 
Rint4 (11). 

[0075] Among them, the thermal resistance of the resin to 
be determined is assumed to be R, and then R can be 
expressed the folloWing equation. 

R=Rint2+Rcond1+Rint3 (12) 

[0076] Thus, it is necessary that Rint1, Rcond2, Rcond3, 
and Rint4 have been determined in advance. HoW to deter 
mine these elementary thermal resistances Will be described 
With reference to FIG. 6. 

[0077] FIG. 6 is a diagram for shoWing a con?guration for 
measuring the thermal resistance of the ?rst member 2 and 
the second member 3 sandWiching the resin therebetWeen. 
Herein, the con?guration including the ?rst member 2 is 
shoWn, but the measurement for the second member 3 can 
be performed by the same method. 

[0078] The third member 4 and the fourth member 5 are 
assumed to be produced With identical materials equal in 
thermal resistance and hardness, and also assumed to have 
equal sectional areas. Also, the surface Waviness, surface 
roughness, and surface-?nishing method of their surfaces 
are speci?ed in the same condition and ?nished, and as a 
result, the surfaces of the members 4 and 5 are assumed to 
be the same Within a range of statistical error. Further, With 
regard to the ?rst member 2, as described above, the surface 
Waviness, surface roughness, and surface-?nishing method 
are speci?ed in the same condition for the top and bottom 
surfaces and ?nished, and as a result, the top and bottom 
surfaces are assumed to be the same Within a range of 
statistical error. 
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[0079] The ?rst member 2 is sandWiched betWeen the third 
member 4 and the fourth member 5, and load F is applied to 
them from both sides, and a constant amount of heat Q is 
caused to How through them. It can be said from the above 
described conditions that the interface betWeen the third 
member 4 and the ?rst member 2 and the interface betWeen 
the fourth member 5 and the ?rst member 2 each are 
substantially identical With the interface betWeen the third 
member 4 and the ?rst member 2 in FIG. 1. For this reason, 
the amount of passing heat Q is calculated from the tem 
peratures measured at temperature measurement points Y1, 
Y2, Y5, and Y6 by the same technique as in FIG. 1, and 
further the respective temperatures T3 and T4 of the third 
member 4 and fourth member 5 on the interfaces of positions 
Y3 and Y4 are determined, and then a value obtained by 
dividing the difference AT=T3—T4 by the amount of passing 
heat Q is the thermal resistance R2 of the member 2 
including interface information. That is, 

R2=Rint1+Rcond2+Rint1 (13). 

[0080] Thus, R2 can be measured With the same apparatus 
as the experimental apparatus shoWn in FIG. 1. 

[0081] By the Way, because Rcond2 is uniquely de?ned 
from the thermal conductivity and sectional area of the ?rst 
member 2, it should be unnecessary to measure Rcond2, but 
it can be also measured according to the folloWing proce 
dure. As understood from the equation (2), if the thermal 
conductivity, sectional area, and amount of passing heat 
each are the same for each, a measured temperature differ 
ence AT is proportional to the length AL along Which heat 
passes. For this reason, a plurality of members different in 
length in the direction of passing heat, ie in thickness are 
prepared as the ?rst member 2, and measurement is per 
formed on them in the same manner. 

[0082] For example, it is considered to measure the ?rst 
members 2 of tWo kinds of a standard thickness AL and a 
n-times thickness n AL. Assuming that the thermal resis 
tance in the case of the thickness AL is R2 and the thermal 
resistance in the case of the thickness n AL is R2_nL, the 
folloWing equations are obtained. 

R2=Rint1+Rcond2+Rint1 (14) 

R2_nL=Rint1+n Rcond2+Rint1 (15) 

[0083] Therefore, by measuring R2 on a plurality of the 
?rst members 2 that are different only in the thickness, it is 
possible to determine the thermal resistance Rcond2 caused 
by conduction of heat passing through the ?rst member 2, 
and the thermal resistance Rint1 of the interface. 

[0084] Further, although n represents generally a natural 
number, n may be a real number, provided that measurement 
can be accurately performed. 

[0085] Also, by carrying out the method of FIG. 6 for the 
second member 3 and fourth member 5 in the same manner, 
it is possible to measure the thermal resistance Rcond3 
caused by conduction of heat passing through the second 
member 3 and the thermal resistance Rint4 of the interface 
betWeen the second member 3 and the fourth member 5. 

[0086] Further, When the third member 4 and the fourth 
member 5 can be considered to be different members having 
substantially different surfaces because the members 4 and 
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5 are different, for example, in the materials and ?nishing 
methods thereof or different in the surface Waviness, surface 
roughness, and surface-?nishing method of their surfaces, a 
plurality of the third members 4 and the fourth members 5 
are prepared respectively, and a measurement on the con 
?guration consisting of the third member 4, the ?rst member 
2 and the third member 4 and a measurement on the 
con?guration consisting of the fourth member 5, the second 
member 3 and the fourth member 5 are separately carried 
out, thereby measuring Rint1, Rint4, Rcond2, and Rcond3. 

[0087] As described above, according to the technique 
shoWn in FIG. 1 and FIG. 6 and using the substantially 
identical measuring-apparatuses, the thermal resistances 
Rint1 to Rint4 of a plurality of the interfaces and the thermal 
resistances Rcond1 to Rcond3 caused by conduction of heat 
are measured, thereby alloWing measurement of the thermal 
resistance R to be determined. 

[0088] Next, a method of producing a measurement 
sample according to the present embodiment Will be 
described. The embodiment is characteriZed in that the resin 
1, the ?rst member 2 and the second member 3 sandWiching 
the resin 1 therebetWeen are stacked in a laminated con?gu 
ration in the order of the ?rst member 2, the resin 1 and the 
second member 3 in the direction of passing heat. 

[0089] In this case, the ?rst member 2 and the second 
member 3 correspond to, for example, a lead frame and an 
insulating layer or a radiating plate or a heat-diffusing plate, 
and a semiconductor element or a heat-diffusing plate hav 
ing the semiconductor element mounted thereon and a 
Wiring board or a radiating plate in a molded semiconductor 
module. HoWever, they may be applicable to any structure 
in Which heat is transferred from a certain member to 
another member through resin. 

[0090] The laminated sample 6 comprising the ?rst mem 
ber 2, the resin 1, and the second member 3 is produced 
according to a process approximately identical With the 
actual manufacturing process of a user using the resin 1, or 
a standard process de?ned by a supplier supplying the resin 
1 based on the approximately standard process of a user 
using the resin 1 as a product. 

[0091] In this case, such a fact itself should be included in 
the present invention that the thermal resistance of the resin 
1 including the information of its interface is measured using 
the methods of FIG. 1 and FIG. 6 on the sample produced 
by de?ning a standard process, and that the measuring 
method is standardiZed, and that the thermal resistance of the 
resin 1 is measured on a sample produced according to a 
process approximately compliant With the manufacturing 
process of a user of the resin 1. 

[0092] Also, When samples for the ?rst member 2 and the 
second member 3 sandWiching the resin 1 therebetWeen are 
produced according to a process approximately compliant 
With the manufacturing process of a user of the resin 1, the 
present invention includes using a material sharing an inter 
face With the resin 1 of actual products as the material of the 
?rst member 2 and the second member 3. Further, the 
present invention includes that a supplier of the resin 1 
determines a standard process and de?nes the material, 
thickness, and surface-?nishing method of the ?rst member 
2 and the second member 3, to measure the thermal resis 
tance of the resin 1 including its interface. 
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[0093] Further, it goes Without saying that the present 
invention includes arranging as a database the above 
described thermal resistance of the resin 1 including its 
interface, distributing the database at cost or no cost, intro 
ducing the database in a technical document for selling and 
distributing the resin 1, and using the database as a docu 
ment for a product in Which the resin 1 is used. 

[0094] In the present embodiment, as parameters for pro 
ducing the laminated sample 6 consisting of the ?rst member 
2, the resin 1, and the second member 3, there are the 
sectional area in Which heat passes during the measurement 
of thermal resistance, and the thickness of each member in 
the direction of passing heat, in addition to the material, the 
surface Waviness, the surface roughness, the ?nishing 
method of the surfaces thereof, and surface treatment such 
as annealing of the ?rst member 2 and second member 3. 
Also, in case of baking and solidifying of the resin 1, the 
parameters include all the conditions for a shape, process or 
the like used in mounting the resin 1 on products, such as a 
method of controlling the temperature pro?le and ambient in 
the baking and solidifying, Wherein conditions are different 
according to the material of the resin 1 and the method of 
using it. 

[0095] By the Way, although the thermal resistance of resin 
including its interface generally varies With time, conven 
tionally, suppliers manufacturing, selling and distributing 
the resin have not been able to possess the data concerning 
this variation With time in a standardiZed form. The present 
invention also includes measuring the time variation of the 
thermal resistance of resin including its interface to use the 
results in a document of thermal resistance. At this time, for 
example, load, environmental temperature, and environmen 
tal humidity may be included as a control parameter. Also, 
When the resin is not solidi?ed, the thickness of the resin 
may be included in the parameters. 

[0096] The present invention includes measuring the 
variation With time of the thermal resistance of resin includ 
ing its interface by keeping respective predetermined values 
of the above described control parameters constant over 
time, and changing the parameters With time according to a 
set pro?le, and managing the measuring method used and 
the measured results as physical property information of the 
resin. 

[0097] Whatever the case may be, the invention is char 
acteriZed in that the thermal resistance including the inter 
faces in a con?guration of member, resin and member, and 
the thermal resistance of resin after being metamorphosed 
through the processes of curing and baking or including the 
case in Which the resin is not metamorphosed are measured 
according to the methods shoWn in FIG. 1 and FIG. 6 and 
other methods, and that before users of resin mount the resin 
on their products, a third party entrusted in any form from 
the supplier of the resin or the supplier or the user, or a third 
party not belonging the above described third party has 
previously measured the thermal resistance of an interface of 
the resin concerned, in themselves. 

[0098] Another embodiment according to the invention 
Will be described With reference to FIG. 7. 

[0099] FIG. 7 is a diagram for shoWing a con?guration of 
a measuring apparatus When load is kept constant or When 
a time-based load pro?le of load is de?ned and load is 












